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Introduction to Decay Diseases
Wood decays of roots and stems

Many fungi decay wood of live trees in the Rocky Mountain Region. The diseases are often called heart rots, but 
frequently the decay is not restricted to heartwood. They are generally divided into stem decays (trunk rots) and 
root and butt rots.

Decay Types—Each fungus causes one of two types of decay: white rot or brown rot. These are easily distin-
guished (table 1, fig. 1) and are features used to diagnose the disease.

Table 1. Features of white and brown rot.

		  Chemistry	 Color	 Texture	 Other

White rot	 All wood components	 Generally white,	 Varies: spongy,	 Texture types vary 
	 removed, either 	 but can be	 stringy; some	 among white rot fungi; 
	 simultaneously 	 yellowish to	 types are called	 some produce zone 
	 or lignin preferentially,	 reddish brown	 laminated, pitted,	 lines in wood; there 
	 in early stages			   or pocket rot 		 may be mats or 
				    based on texture/		 rhizomorphs; pocket 
				    appearance		 rots may have black  
	 	 	 	 	 	 flecks in pockets

Brown rot	 Cellulose and 	 Brown, often with	 When advanced,	 Decay is fairly uniform; 
	 hemicellulose chains 	 a sheen on split	 wood shrinks with	 some fungi produce 
	 broken early, then 	 surfaces early on	 cubical checks and	 white mats or felts or 
	 removed; lignin 	 	 	 can be crumbled	 wispy fine cords in 
	 remains			   to a powder	 checks, causes rapid  
						      strength loss

Stem Decay Disease Cycle—Stem-decay fungi release wind-disseminated 
spores. Some infect through wounds, but other more specialized pathogens do 
not require obvious wounds. They can infect small twig or branch stubs, and then 
either grow into the stem and inner wood or become dormant and wait until the 
tree grows around them and they become embedded in heartwood. When sufficient 
food is available through decay, a fruiting body (conk) is produced. Spores from 
the conk repeat the cycle.

Root Disease Cycle—Root and butt rots often have a more complex disease 
cycle. As with stem decays, wind-blown spores can be the initial inoculum. Spores 
may infect wounds in the butt or root crown, or they may percolate through the soil 
to infect roots. In general, these pathogens kill and decay roots, decay inner wood 
in the butt, and often kill sapwood and cambium in the root crown.

An important difference from stem decays is that most, but not all, of these dis-
eases can also spread locally. The pathogen grows from infected roots to roots of 
neighboring healthy trees at contacts and grafts or, in one case, through soil. Root 
disease centers result in the stands characterized by older mortality in the middle 
and more recent mortality, symptomatic live trees, and apparently healthy trees 
toward the outside. The pathogen may survive for many years in dead root systems, 
infecting future tree generations. In many cases, this local spread is much more 
common than spores initiating new infections.

Impact—Impacts of decay diseases vary greatly, depending on the disease type and 
the specific disease. They may include: loss of fiber to decay (cull), growth loss,  

Figure 1. Dead, decaying stem with 
white rot in the outer wood and brown rot 
in the inner wood caused by two different 
fungi. The white rot is stringy-fibrous; the 
brown rot breaks easily across the grain, 
has no fibrous strength, and is crumbly 
when dry. Photo: Jim Worrall, USDA 
Forest Service.
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direct mortality, predisposition to bark beetles, uprooting or snapping of live trees, and provision of wildlife habi-
tat (figs. 2-6).

These diseases may affect various values, including timber, wildlife, aesthetics, and recreation. In developed sites, 
the potential for failure of live trees can significantly threaten safety and property.
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Figure 2. Irregular snap of live 
spruce due to butt rot. Photo: Jim 
Worrall, USDA Forest Service.

Figure 3. Uprooting of blue spruce brought up large root plate. This 
is typical of windthrow, but some roots are rotted by Armillaria ostoyae. 
Photo: Roy Mask, USDA Forest Service.

Figure 4. Aspen stem with aspen 
trunk rot (note the conks) has 
begun to fail. Photo: Jim Worrall, 
USDA Forest Service.

Figure 5. Typical failure associated with mottled root rot 
of aspen: roots are stubbed near the root collar and are 
almost all rotted. Also note the conk above the root crown. 
Photo: Jim Worrall, USDA Forest Service.

Figure 6. Typical failure associated with mottled 
root rot of aspen: roSnapping of spruce with white 
pocket rot; only a few centimeters of sound wood 
remain. Photo: Jim Worrall, USDA Forest Service.



Forest Health Protection Rocky Mountain Region  •  2011

1.  Sullivan, K. 2003. Decay of living conifers in spruce-fir forests of the central Rocky Mountains. LSC-03-04. Golden, CO: 
U.S. Department of Agriculture, Forest Service, Rocky Mountain Region, Renewable Resources. 19 p. Online: http://www.
fs.fed.us/r2/fhm/bugcrud/decays_lsc-03-04.pdf.

2.  Worrall, J.J.; Fairweather, M. 2009. Decay and discoloration of aspen. Forest Insect and Disease Leaflet 149. Washington, 
DC: U.S. Department of Agriculture, Forest Service. 7 p.

3.  Worrall, J.J.; Nakasone, K.K. 2009. Decays of Engelmann spruce and subalpine fir in the Rocky Mountains. Forest Insect 
and Disease Leaflet 150. Washington, DC: U.S. Department of Agriculture, Forest Service. 12 p.

Three important factors that contribute to the abundance and severity of these diseases are stand age, stand com-
position, and a history of wounding. Age, in particular, is closely correlated with amount of stem decay. Species 
composition is a major influence because, though some pathogens are fairly host-specific, in general there is a 
range of susceptibility of tree species to opportunistic, wound-infecting decay fungi. Ponderosa pine may rep-
resent the most resistant extreme, while true firs and aspen are among the Region’s most susceptible species. A 
history of wounding is also associated with these opportunistic decay fungi in that there is generally a correlation 
between the size of wounds and their likelihood of infection.

Wood-decay diseases in this Region are listed in tables 2 and 3. Note that one root disease, black stain root dis-
ease, is not listed; it is the only major root disease in the Region that does not involve wood decay. These lists are 
not exhaustive, but include most decays that have been documented in the Rocky Mountain Region.

Introduction to Decay Diseases - page 3



Forest Health Protection Rocky Mountain Region  •  2011

Ta
bl

e 
2.
 R
oo
t a
nd
 b
ut
t r
ot
s 
of
 R
eg
io
n 
2.
 H
os
t a
bb
re
vi
at
io
ns
: D

F 
= 
D
ou
gl
as
-fi
r, 
E
S
 =
 E
ng
el
m
an
n 
sp
ru
ce
, F
 =
 tr
ue
 fi
rs
, P

 =
 p
in
es
, Q

A 
= 
as
pe
n,
 S
 =
 s
pr
uc
es
, S

A
F 
= 
su
ba
lp
in
e 
fir
, 

W
F 
= 
w
hi
te
 fi
r. 
U
nc
om

m
on
 h
os
ts
 a
re
 in
 p
ar
en
th
es
es
.

		


C
om

m
on

		


 
Pa

th
og

en
	

D
is

ea
se

	
ho

st
s	

D
ec

ay
	

In
di

ca
to

rs

A
rm

ill
ar

ia
 s

ol
id

ip
es

 a
nd

 o
th

er
	

A
rm

ill
ar

ia
 ro

ot
 d

is
ea

se
	A

ll	
W

hi
te

 ro
t; 

st
rin

gy
-s

po
ng

y,
 w

et
, z

on
e 

lin
es

	
B

as
al

 re
si

no
si

s,
 

cr
ow

n 
fa

di
ng

, m
us

hr
oo

m
s,

 fa
ns

 
sp

ec
ie

s 
(h

on
ey

 m
us

hr
oo

m
)

C
on

io
ph

or
a 

pu
te

an
a	

	
E
S
, S

A
F	

B
ro
w
n 
ro
t; 
th
in
, p
al
e,
 b
ro
w
n 
co
rd
s 
in
 c
he
ck
s	

B
ut
t m

ay
 s
ho
w
 c
he
ck
s 
or
 c
ol
la
ps
e,
 in
di
ca
tin
g 
pa
rti
al
  

				





fa
ilu

re
; f

ru
iti

ng
 in

co
ns

pi
cu

ou
s 

af
te

r t
re

e 
di

es
Fl

am
m

ul
in

a 
po

pu
lic

ol
a	

	
Q
A	

W
hi
te
 ro
t; 
ye
llo
w
, s
tri
ng
y

Fo
m

ito
ps

is
 p

in
ic

ol
a	

B
ro
w
n 
cr
um

bl
y 
ro
t	

S
	

B
ro
w
n 
ro
t; 
th
ic
k 
fu
ng
al
 m
at
s	

C
on
k

G
an

od
er

m
a 

ap
pl

an
at

um
	W

hi
te
 m
ot
tle
d 
ro
t	

Q
A	

W
hi
te
 ro
t w

ith
 m
ot
tle
d 
w
hi
te
/li
gh
t t
an
 a
re
as
; 	

C
on
ks
 u
su
al
ly
 p
re
se
nt

 
(a

rti
st

’s
 c

on
k)

			



in

fre
qu

en
t z

on
e 

lin
es

H
et

er
ob

as
id

io
n 

an
no

su
m
	A
nn
os
us
 ro
ot
 ro
t	

P	
W
hi
te
 ro
t; 
m
ay
 a
pp
ea
r l
am

in
at
ed
, s
tri
ng
y,
 	

D
is
ea
se
 c
en
te
r, 
co
nk
s 

			



or

 w
ith

 p
its

/p
oc

ke
ts

H
et

er
ob

as
id

io
n 

pa
rv

ip
or

um
	

A
nn
os
us
 ro
ot
 ro
t	

W
F 
(S
A
F,
 S
)	

W
hi
te
 ro
t; 
m
ay
 a
pp
ea
r l
am

in
at
ed
, s
tri
ng
y,
 	

D
is
ea
se
 c
en
te
r, 
co
nk
s 

			



or

 w
ith

 p
its

/p
oc

ke
ts

Le
nt

in
el

lu
s 

m
on

ta
nu

s	
	

S
A
F,
 (E

S
)	

W
hi
te
 ro
t	

N
on
e;
 fr
ui
ts
 d
ur
in
g 
sn
ow

m
el
t o
n 
do
w
ne
d 
lo
gs

O
nn

ia
 to

m
en

to
sa

/le
po

rin
a	

R
ed
 ro
ot
 ro
t (
to
m
en
to
su
s	

S
 (o
th
er
 c
on
ife
rs
)	

R
ed
di
sh
 s
ta
in
 b
ec
om

in
g 
w
hi
te
 p
oc
ke
t r
ot
	

B
as

al
 re

si
no

si
s,

 c
on

ks
 

	
an

d 
ci

rc
in

at
us

 ro
ot

 ro
ts

)
P

ha
eo

lu
s 

sc
hw

ei
ni

tz
ii	

S
ch
w
ei
ni
tz
ii 
bu
tt 
ro
t	D

F 
(o
th
er
 c
on
ife
rs
)	
B
ro
w
n 
ro
t	

P
os
si
bl
e 
ep
he
m
er
al
 fr
ui
tin
g 
on
 o
r a
ro
un
d 
tre
e 

(c
ow

-p
ie

 fu
ng

us
)

P
he

llo
pi

lu
s 

ni
gr

ol
im

ita
tu

s	
B
ig
 w
hi
te
 p
oc
ke
t r
ot
	S
 (o
th
er
 c
on
ife
rs
)	

W
hi
te
 p
oc
ke
t r
ot
 w
ith
 la
rg
e 
po
ck
et
s	

U
su
al
ly
 n
on
e

P
ho

lio
ta

 a
ln

ic
ol

a	
	

S
A
F,
 E
S
	

W
hi
te
 ro
t; 
st
rin
gy
	

M
us
hr
oo
m
s

P
ho

lio
ta

 s
qu

ar
ro

sa
	

	
S
A
F,
 Q
A
, (
E
S
)	

W
hi
te
 ro
t; 
in
 a
sp
en
 a
 g
ra
y-
br
ow

n 
st
ai
n	
M
us
hr
oo
m
s 

(s
ca
ly
 P
ho
lio
ta
)	

	
	

be
co
m
in
g 
so
ft 
an
d 
lig
ht
 ta
n,
 th
en
 s
tri
ng
y

P
le

ur
ot

us
 p

op
ul

in
us
	

	
Q
A	

W
hi
te
 ro
t	

M
us
hr
oo
m
s

S
is

to
tre

m
a 

ra
du

lo
id

es
	

	
Q
A	

W
hi
te
 ro
t	

N
on
e

Ve
si

cu
lo

m
yc

es
 c

itr
in

us
	

	
S
A
F,
 E
S
	

W
hi
te
 ro
t, 
ye
llo
w
is
h,
 s
tri
ng
y	

N
on
e;
 u
su
al
ly
 fr
ui
ts
 o
n 
do
w
ne
d 
tre
es

Introduction to Decay Diseases - page 4



Forest Health Protection Rocky Mountain Region  •  2011

Ta
bl

e 
3.
 S
te
m
 d
ec
ay
s 
of
 R
eg
io
n 
2.
 H
os
t a
bb
re
vi
at
io
ns
: D

F 
= 
D
ou
gl
as
-fi
r, 
E
S
 =
 E
ng
el
m
an
n 
sp
ru
ce
, F
 =
 tr
ue
 fi
rs
, L
P
P 
= 
lo
dg
ep
ol
e 
pi
ne
, P

P 
= 
po
nd
er
os
a 
pi
ne
, Q

A 
= 
as
pe
n,
 S
 =
 

sp
ru
ce
s,
 S
A
F 
= 
su
ba
lp
in
e 
fir
, W

F 
= 
w
hi
te
 fi
r. 
U
nc
om

m
on
 h
os
ts
 a
re
 in
 p
ar
en
th
es
es
.

Pa
th

og
en

	
D

is
ea

se
	

C
om

m
on

 h
os

ts
	

D
ec

ay
	

In
di

ca
to

rs

A
m

yl
os

te
re

um
 c

ha
ill

et
tii
	

	
S
A
F,
 S
	

W
hi
te
r r
ot
; s
tri
ng
y	

N
on
e 
(fr
ui
tin
g 
in
co
ns
pi
cu
ou
s,
 e
ph
em

er
al
, a
nd
 u
nc
om

m
on
)

A
nt

ro
di

a 
se

ria
lis
	

	
S
A
F	

B
ro
w
n 
ro
t	

N
on
e 
(u
su
al
ly
 fr
ui
ts
 a
fte
r t
re
e 
di
es
)

C
ry

pt
os

ph
ae

ria
 li

gn
yo

ta
	

C
ry
pt
os
ph
ae
ria
 c
an
ke
r	

Q
A	

W
hi
te
 m
ot
tle
d 
ro
t	

C
an
ke
r

D
ic

ho
m

itu
s 

sq
ua

le
ns
	

re
d 
ra
y 
ro
t	

P
P	

W
hi
te
 p
oc
ke
t r
ot
, b
ut
 s
om

et
im
es
	

D
ea
d,
 o
fte
n 
fa
lle
n 
br
an
ch
es
 w
ith
 c
on
ks

 
	

	
	

di
ffi
cu
lt 
to
 re
co
gn
iz
e 
as
 s
uc
h;

 
			




de
ca

y 
of

te
n 

in
 ra

di
al

, s
ta

r-
lik

e 
 

			



pa

tte
rn

E
ch

in
od

on
tiu

m
 ti

nc
to

riu
m

 	
ru

st
-r

ed
 s

tri
ng

y 
ro

t	
W

F 
(o

th
er

 c
on

ife
rs

)		


C
on

ks
 

(In
di

an
 p

ai
nt

 fu
ng

us
)

Fo
m

iti
po

ria
 h

ar
tig

ii	
	

S
A
F	

W
hi
te
 ro
t	

C
on
ks
 m
ay
 a
pp
ea
r o
n 
un
de
rs
id
es
 a
nd
 b
as
e 
of
 b
ra
nc
he
s

La
ur

ili
a 

su
lc

at
a	

	
E
S
	

W
hi
te
 p
oc
ke
t r
ot
; y
el
lo
w
is
h,
 m
ay

 
			




be
 w

et
 a

nd
 s

po
ng

y
P

en
io

ph
or

a 
po

ly
go

ni
a	

	
Q
A	

W
hi
te
 ro
t; 
ye
llo
w
-b
ro
w
n,
 s
tri
ng
y

P
he

lli
ni

di
um

 fe
rr

ug
in

eo
fu

sc
um

	
	

E
S
	

W
hi
te
 ro
t; 
la
m
in
at
ed
, m

ay
 h
av
e	

C
on
ks
 a
re
 ra
re

 
	

	
	

sm
al
l p
its
 w
ith
 b
la
ck
 fl
ec
ks
 a
nd
  

			



w

hi
te

 tr
an

sv
er

se
 s

tre
ak

s
P

he
lli

nu
s 

tre
m

ul
ae
	

as
pe
n 
tru
nk
 ro
t	

Q
A	

W
hi
te
 ro
t; 
fir
m
 to
 s
po
ng
y,
 	

C
on
ks
, b
ird
 c
av
iti
es

 
	

(w
hi

te
 tr

un
k 

ro
t)		


ye

llo
w

is
h 

ta
n 

in
 s

om
e 

ar
ea

s
P

or
od

ae
da

le
a 

pi
ni
	

re
d 
rin
g 
ro
t	

E
S
, L
P
P,
 D
F,
 S
A
F	

W
hi
te
 p
oc
ke
t r
ot
; s
om

et
im
es
 w
ith
	

C
on
ks
, p
un
k 
kn
ot
s 

			



ab

un
da

nt
 z

on
e 

lin
es

; d
ec

ay
 m

ay
  

			



pr

og
re

ss
 in

to
 ro

ot
s

S
te

re
um

 s
an

gu
in

ol
en

tu
m
	

re
d 
he
ar
t r
ot
	

S
A
F,
 E
S
	

W
hi
te
 ro
t; 
in
iti
al
 re
d 
st
ai
n,
 b
ec
om

es
	

U
su
al
ly
 n
on
e,
 fr
ui
ts
 o
n 
sl
as
h 
an
d 
lo
gs

 
(b
le
ed
in
g 
S
te
re
um

)	
	

	
lig
ht
 b
ro
w
n,
 d
ry
, f
ria
bl
e,
 w
ith
 w
hi
te
  

			



fu

ng
al

 s
he

et
s 

w
he

n 
ad

va
nc

ed
Ve

lu
tic

ep
s 

ab
ie

tin
a/

fim
br

ia
ta
		

S
, F
	

B
ro
w
n 
po
ck
et
 ro
t	

C
on
ks

Introduction to Decay Diseases - page 5


